Introduction {#sec1}
============

In both developing and developed countries, cervical cancer is a common female malignancy and causes unacceptable high mortality rate \[[@B1]\]. Due to the low early diagnostic rate, only a small portion of cervical cancer patients are candidates for radical surgery \[[@B2]\]. Most patients with cervical cancer are diagnosed at advanced stages and overall 5-year survival rate is generally below 20% \[[@B3]\]. Human papillomavirus (HPV) infection is the major cause of cervical cancer. The popularization of HPV vaccines and early screening program has significantly reduced the incidence rate of cervical cancer \[[@B4]\]. However, incidence of HPV-negative cervical cancer, which is a more malignant form of cervical cancer comparing with the HPV-positive subtype, showed an increasing trend in recent years \[[@B5],[@B6]\].

Pathogenesis of HPV-negative cervical cancer has not been well studied. However, previous studies have revealed the different gene expression patterns of HPV-negative and HPV-positive subtypes of this disease \[[@B7],[@B8]\], indicating that they have different molecular pathways involved. Long non-coding RNAs (lncRNAs, \>200 nt) lack protein coding capacity but play pivotal roles in cancer biology by regulating gene expression \[[@B9]\]. A recent study reported an lncRNA named snaR is involved in the recurrence of HPV-negative but not HPV-positive cervical squamous cell carcinoma (CSCC, a major subtype of cervical cancer) \[[@B10]\], indicating the involvement of lncRNAs in HPV-negative CSCC. In a recent study, Lu et al. reported a novel lncRNA SRA1 as a potential tumor suppressive lncRNA in hepatocellular carcinoma \[[@B11]\]. Our preliminary transcriptome analysis data showed that SRA1 was down-regulated in HPV-negative but not in HPV-positive CSCC patients. This lncRNA attracted our attention and the present study was carried out to characterize the function of SRA1 in CSCC.

Materials and methods {#sec2}
=====================

Study patients {#sec2-1}
--------------

Our study selected 72 CSCC patients (35--67 years, 46.7 ± 5.2 years) from the 133 CSCC patients who were admitted to the Cancer Hospital of China Medical University, Liaoning Cancer Hospital and Institute between December 2015 and December 2018. Inclusion criteria: (i) new CSCC cases diagnosed by histopathological examinations and (ii) patients willing to join the study. Exclusion criteria: (i) recurrent CSCC; (ii) any therapies performed within 3 months before admission; (iii) family history of malignancies and (iv) previous history of malignancies. Sensitive PCR was performed to detect the HPV infections. The results revealed 16 HPV-11 positive cases, 20 HPV-16 positive cases, 14 HPV-18 positive cases and 22 HPV-negative cases. During the same time period, 72 healthy females (36--66 years, 47.1 ± 5.5 years) were also selected at the Physical Health Center of Cancer Hospital of China Medical University, Liaoning Cancer Hospital and Institute to serve as controls. These two groups of participants showed similar age distributions. Ethics Committee of the aforementioned hospital approved the present study.

Plasma and cells {#sec2-2}
----------------

Fasting blood (5 ml) was extracted from each CSCC patient and healthy control on the day of admission before the initiation of any therapies. Blood was centrifuged in EDTA-treated tubes and was centrifuged at 1200×***g*** for 10 min to collect plasma.

C33A HPV-negative CSCC cell line was used in the present study {#sec2-3}
--------------------------------------------------------------

HPV-negative human CSCC cell line C-33 A. Eagle's Minimum Essential Medium containing 10% fetal bovine serum (FBS) was used as cell culture medium and cell culture conditions were 37°C and 5% CO~2~.

RT-qPCR {#sec2-4}
-------

TRIzol reagent (Invitrogen, U.S.A.) was mixed with plasma and C-33 A cells to extract total RNAs. Following DNase I digestion, RNA samples were subjected to reverse transcription using AMV Reverse Transcriptase (Canvax Biotech, U.S.A.) to synthesize cDNA. SYBR Green for qPCR (Bio-Rad, U.S.A.) was used to prepare PCR mixtures with 18S rRNA as endogenous control to detect the expression of SRA1.

MiRNAs were extracted from plasma and C-33 A cells using microRNA Purification Kit (Cat. 21300, Norgen Biotek Corp, U.S.A.). qScript microRNA cDNA Synthesis Kit (Quantabio, U.S.A.) was used to perform miRNA reverse transcriptions and miScript SYBR Green PCR Kit (QIAGEN, Germany) was used to prepare PCR with U6 as endogenous control to detect the expression of miR-9.

All PCR were repeated three times and all *C*~t~ values were processed using 2^−ΔΔ*C*^~T~ method.

Vectors and transient cell transfections {#sec2-5}
----------------------------------------

SRA1 expression vector was constructed using pcDNA3.1 vector (Sangon, Shanghai, China). Negative control (NC) miRNA and miR-9 mimic were bought from Sigma--Aldrich (U.S.A.). C-33 A cells were collected when confluence reached 70--80%. Lipofectamine 2000 reagent (11668-019, Invitrogen, U.S.A.) was used to transfect 10 nM SRA1 expression vector, 10 nM empty pcDNA3.1 vector (NC), 30 nM miR-9 mimic or 30 nM NC miRNA (NC) into 10^5^ cells. Cells with no transfections were also included to serve as control group (C). Following studies were performed using cells harvested at 24 h after transfection.

Measurement of cell proliferation abilities {#sec2-6}
-------------------------------------------

C-33 A cells were harvested at 24 h after transfection, and 4 × 10^4^ cells were mixed with 1 ml Eagle's Minimum Essential Medium containing (10%, FBS) to prepare single cell suspensions. A 96-well cell culture plate was used to cultivate the cells with 0.1 ml per well. Cells were cultivated under the conditions of 37°C and 5% CO~2.~ CCK-8 solution (10 μl) was added 22, 46, 70 and 94 h later, and cells were harvested 24, 48, 72 and 96 h later. After that, DMSO (10 μl) was added into each well and OD values were measured at 450 nm to reflect cell proliferation.

Measurement of cell migration and invasion abilities {#sec2-7}
----------------------------------------------------

C-33 A cells were harvested at 24 h after transfections, and 4 × 10^4^ cells were mixed with 1 ml non-serum Eagle's Minimum Essential Medium to prepare single cell suspensions. The upper Transwell chamber was filled with 0.1 ml cell suspension and the lower chamber was added with Eagle's Minimum Essential Medium containing 20% FBS. Matrigel (50 μl/filter; BD Biosciences, U.S.A.) was used to coat the upper chamber membrane before invasion assay to mimic *in vivo* invasion conditions. Transwell chambers were cultivated under conditions of 37°C and 5% CO~2~ for 4 h and staining with 0.5% Crystal Violet (Sigma--Aldrich; Merck KGaA) was performed for 20 min at 22°C. Stained cells were observed and counted under an optical microscope.

Data analysis {#sec2-8}
-------------

Data presented in the present paper were mean values of three biological replicates. Differences among different groups of participants or among different cell transfection groups were analyzed using one-way ANOVA and Tukey's test. Linear regression was used for correlation analysis. Diagnostic analyses were performed using ROC curve analysis. *P*\<0.05 was statistically significant.

Results {#sec3}
=======

SRA1 was down-regulated in HPV-negative CSCC patients {#sec3-1}
-----------------------------------------------------

The 72 CSCC patients included 16 HPV-11 positive cases, 20 HPV-16 positive cases, 14 HPV-18 positive cases and 22 HPV-negative cases. SRA1 in plasma of all CSCC patients and healthy controls (*n*=72) was detected by performing RT-qPCR. Plasma levels of SRA1 among those groups of participants were compared by performing one-way ANOVA and Tukey's test. Compared with Control group, significantly lower plasma levels of SRA1 were found in the 22 HPV-negative patients but not in other groups of patients ([Figure 1](#F1){ref-type="fig"}, *P*\<0.05).

![SRA1 was down-regulated in HPV-negative CSCC patients\
Plasma levels of SRA1 compared by one-way ANOVA and Tukey's test showed that, compared with Control group, significantly lower plasma levels of SRA1 were found in the 22 HPV negative patients but not in other groups of patients (\*, *P*\<0.05).](bsr-39-bsr20181226-g1){#F1}

Altered plasma levels of SRA1 showed diagnostic values for HPV-negative CSCC {#sec3-2}
----------------------------------------------------------------------------

Diagnostic values of plasma SRA1 for HPV-negative CSCC were analyzed by performing ROC curve analysis. With healthy controls as true negative cases, area under the curve (AUC) was 0.86, with standard error of 0.050 and 95% confidence interval of 0.76--0.96 ([Figure 2](#F2){ref-type="fig"}A). With HPV-positive cases as true negative cases, AUC was 0.95, with standard error of 0.025 and 95% confidence interval of 0.90--0.99 ([Figure 2](#F2){ref-type="fig"}B).

![Altered plasma levels of SRA1 showed diagnostic values for HPV-negative CSCC\
Down-regulated SRA1 distinguished HPV-negative CSCC patients from healthy females (**A**) and HPV-positive CSCC patients (**B**).](bsr-39-bsr20181226-g2){#F2}

SRA1 down-regulated miR-9 in HPV-negative CSCC cells {#sec3-3}
----------------------------------------------------

MiR-9 in plasma of HPV-negative patients was detected by performing RT-qPCR. Correlation between miR-9 and SRA1 was analyzed by performing linear regression. It was observed that miR-9 and SRA1 were inversely and significantly correlated in HPV-negative CSCC patients ([Figure 3](#F3){ref-type="fig"}A). To further analyze the relationship between miR-9 and SRA1, miR-9 mimic and SRA1 expression vector were transfected into cells of HPV-negative CSCC cell line C-33 A. Compared with C and NC groups, expression levels of miR-9 and SRA1 were significantly up-regulated at 24 h after transfections ([Figure 3](#F3){ref-type="fig"}B, *P*\<0.05). Moreover, SRA1 overexpression caused the down-regulated miR-9, while miR-9 overexpression failed to affect SRA1 expression ([Figure 3](#F3){ref-type="fig"}C, *P*\<0.05).

![SRA1 down-regulated miR-9 in HPV-negative CSCC cells\
Linear regression revealed that miR-9 and SRA1 were inversely and significantly correlated in HPV-negative CSCC patients (**A**). Comparing with C and NC groups, expression levels of miR-9 and SRA1 were significantly up-regulated at 24 h after transfections (**B**). Moreover, SRA1 overexpression caused the down-regulated miR-9, while miR-9 overexpression failed to affect SRA1 expression (**C**) (\*, *P*\<0.05).](bsr-39-bsr20181226-g3){#F3}

SRA1 regulated HPV-negative CSCC cell behaviors through miR-9 {#sec3-4}
-------------------------------------------------------------

Cell proliferation, migration and invasion abilities of C-33 A were tested 24 h after transfections. Comparing with C and NC groups, SRA1 overexpression caused decreased, while miR-9 overexpression caused increased proliferation ([Figure 4](#F4){ref-type="fig"}A), migration ([Figure 4](#F4){ref-type="fig"}B) and invasion ([Figure 4](#F4){ref-type="fig"}C) rates of C-33 A cells (*P*\<0.05). In addition, miR-9 overexpression attenuated the effects of SRA1 overexpression.

![SRA1 regulated HPV-negative CSCC cell behaviors through miR-9\
Cell proliferation, migration and invasion abilities of C-33 A were tested at 24 h after transfections by performing CCK-8 assay and Transwell migration and invasion assay, respectively. Comparing with C and NC groups, SRA1 overexpression caused decreased, while miR-9 overexpression caused increased proliferation (**A**) migration (**B**) and invasion (**C**) rates of C-33 A cells. In addition, miR-9 overexpression attenuated the effects of SRA1 overexpression (\*, *P*\<0.05).](bsr-39-bsr20181226-g4){#F4}

SRA1 and miR-9 regulated p53 but not E6, E7 and NF-κb in HPV-negative CSCC cells {#sec3-5}
--------------------------------------------------------------------------------

The expression levels of E6 ([Figure 5](#F5){ref-type="fig"}A), E7 ([Figure 5](#F5){ref-type="fig"}B), NF-κb ([Figure 5](#F5){ref-type="fig"}C) and p53 ([Figure 5](#F5){ref-type="fig"}D) in C-33 A cells were measured at 24 h after transfection. Compared with C and NC groups, SRA1 and miR-9 overexpression failed to affect E6, E7 and NF-κb. However, SRA1 overexpression caused decreased, while miR-9 overexpression caused increased expression level of p53. In addition, miR-9 overexpression attenuated the effects of SRA1 overexpression (*P*\<0.05).

![SRA1 and miR-9 regulated p53 but not E6, E7 and NF-κb in HPV-negative CSCC cells\
The expression levels of E6 (**A**) E7 (**B**) NF-κb (**C**) and p53 (**D**) in C-33 A cells were measured at 24 h after transfections. Comparing with C and NC groups, SRA1 and miR-9 overexpression failed to affect E6, E7 and NF-κb. However, SRA1 overexpression caused decreased, while miR-9 overexpression caused increased expression level of p53. In addition, miR-9 overexpression attenuated the effects of SRA1 overexpression (\*, *P*\<0.05).](bsr-39-bsr20181226-g5){#F5}

Discussion {#sec4}
==========

In the present study, we investigated the involvement of SRA1 in two types of CSCC. We found that SRA1 was only down-regulated in HPV-negative CSCC and overexpression of SRA1 caused the inhibited cancer cell behaviors. We also showed that the actions of SRA1 in HPV-negative CSCC are likely mediated by miR-9, which is up-regulated in CSCC \[[@B12]\].

Previous studies have identified a considerable number of differentially expressed lncRNAs in CSCC \[[@B13]\]. LncRNA GAS5 was down-regulated in CSCC and overexpression of GAS5 suppressed the development of CSCC by down-regulating two oncogenic miRNAs, miR-196a and miR-205 \[[@B14]\]. In contrast, lncRNA XIST was up-regulated in CSCC and promoted cancer progression \[[@B15]\]. Moreover, dysregulation of certain lncRNAs, such as MALAT1 and NCK1-AS1 also participate in the regulation of radiosensitivity and chemosensitivity of CSCC cells, thereby affecting treatment outcomes \[[@B16],[@B17]\]. However, it is known that HPV-positive and -negative CSCC have different pathogenesis. Those studies failed to identify an lncRNA that can be used to distinguish those two subtypes. Our data showed that SRA1 was down-regulated only in HPV-negative CSCC and the down-regulation of SRA1 distinguished HPV-negative CSCC patients from HPV-positive CSCC patients and healthy controls. Our study further confirmed the different gene expression patterns involved in these two subtypes of CSCC and provide a potential diagnostic marker to distinguish these two subtypes.

Interestingly, our study showed that SRA1 down-regulated miR-9 to suppress HPV-negative CSCC cell proliferation, migration and invasion. It has been reported that miR-9 was up-regulated in both HPV-negative and -positive CSCC \[[@B12]\]. Therefore, HPV-negative and -positive CSCC may have different pathways on the upstream of miR-9, while both types require the involvement of up-regulation of miR-9. These data provided new insights to the pathogenesis of two subtypes of CSCC. In addition, overexpression of SRA1 may serve as potential therapeutic target for HPV-negative CSCC. However, more clinical studies are needed to further confirm our conclusions.

In addition, SRA1 was down-regulated specifically in HPV-negative CSCC. SRA1 may suppress HPV-negative CSCC behaviors by down-regulating miR-9.

E6 and E7 are critical players in HPV-associated cervical carcinogenesis \[[@B18]\]. Consistently, our study showed that SRA1 and miR-9 had no significant effects on E6 and E7 expression. Cancer development is closely correlated with inflammation, in which p53 and NF-Kb play pivotal roles \[[@B19]\]. It is also known that, non-coding RNAs, such as lncRNAs, are master regulators of inflammatory signaling \[[@B22]\]. In our study we showed that SRA1 and miR-9 can interact with each other to regulate p53. Therefore, a novel SRA1/miR-9/p53 pathway in HPV-negative CSCC was characterized.
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